ABSTRACT. Tick-borne encephalitis virus (TBEV) is a zoonotic agent causing severe encephalitis in humans. Rodent species that are potential hosts for TBEV are widely distributed in various regions in Japan. In this study, we carried out large-scale epizootiological surveys in rodents from various areas of Japan. A total of 931 rodent and insectivore sera were collected from field surveys. Rodents seropositive for TBEV were found in Shimane Prefecture in Honshu and in several areas of Hokkaido Prefecture. These results emphasize the need for further epizootiological and epidemiological research of TBEV and preventive measures for emerging tick-borne encephalitis in Japan.
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Tick-borne encephalitis virus (TBEV) is a member of the genus Flavivirus within the family Flaviviridae and causes fatal encephalitis in humans with severe sequelae. TBEV is prevalent over a wide area of the Eurasian continent including Europe, Russia, Far-Eastern Asia and Japan [1, 8, 10] and has a significant impact on public health in these endemic regions. Based on phylogenetic analysis, TBEV can be divided into three subtypes, the Far-Eastern subtype, known as Russian Spring summer encephalitis (RSSE) virus, the European subtype, known as Central European encephalitis (CEE) virus, and the Siberian subtype [3] [4] [5] . TBEV is transmitted by tick bite and is maintained in the zoonotic transmission cycle between Ixodes ticks and wild vertebrate hosts. Humans are accidental hosts. The most important vertebrate hosts for TBEV are rodents, which have the highest population densities within an endemic area (generally Apodemus, Myodes, and Microtus species).
In 1993, the first confirmed case serologically diagnosed as Tick-borne encephalitis (TBE) was reported in Hokuto City, Hokkaido Prefecture, Japan [14] . TBEV was isolated from dogs, ticks and rodents in the area where the TBE patient was found [14] [15] [16] , and the virus was identified as a Far Eastern subtype of TBEV by nucleotide sequence analysis. No confirmed case was reported in other areas of Japan including Honshu (main island of Japan), but rodent species that are potential hosts for TBEV and Ixodes ticks are widely distributed in various regions in Japan. Therefore, it is a matter of urgency to confirm whether TBEV is endemic in other areas of Japan for control of TBE.
In this study, we carried out large scale epizootiological surveys in rodents from various areas of Japan, including the three major islands of Japan, Hokkaido, Honshu and Shikoku, to determine the endemic areas of TBEV.
A total of 931 rodent and insectivore sera were collected from field surveys in Hokkaido, Honshu, Shikoku and Tsushima Island in Japan from 1997 to 2008. Figure 1 shows the geographical locations of the survey sites. The species captured are listed in Tables 1 and 2 . The sera were first screened by ELISA using subviral particles (SPs) as antigens. The SPs have similar antigenic characteristics to authentic virions. SPs were prepared from the supernatant of the cells transfected with the plasmid that expresses the recombinant prM and E proteins of TBEV, as described previously [13, 18] . The SPs were captured by anti-TBEV E antibodies coated on 96-well plates, and rodent serum that bound to the SPs was detected by alkaline phosphatase-conjugated anti-mouse IgG antibodies. The positive sera by ELISA were confirmed by neutralization test using the Oshima 5-10 strain of TBEV, which was isolated in Hokkaido in 1995, as described previously [7] .
A total of 707 rodent and insectivore sera from wild settings in the southern regions of Japan, including Honshu, Shikoku and Tsushima Islands, were screened by ELISA for anti-TBEV antibodies. Seropositive animals were detected in Shimane Prefecture (Table 1) . Two of 58 A. speciosus from Shimane were confirmed to be positive for TBEV by neutralization test, and the neutralizing titer to TBEV was 320 and  640 (Table 3 ). These two sera had at least 4-fold higher titers of neutralizing antibodies to TBE than Japanese encephalitis virus, which shows cross-reactivity to TBEV in ELISA [6] .
Until recently, the distribution of TBEV has been considered to be limited in Hokkaido; however, the above serological finding indicates that TBEV might be endemic in Shimane. It is not known how and when TBEV entered into the region. To clarify these points, it is important to isolate TBEV from infected rodents and to characterize the virus.
In contrast, of 224 animals captured in wild settings in Hokkaido, 7 (15.6%) A. speciosus, 3 (5.8%) A. argenteus and 7 (5.5%) M. rufocanus were found to be seropositive in Hokuto, Kaminokuni and Setana ( Table 2 ). The neutralizing titers of the seropositive rodents ranged from 80 to  640 (Table 3 ). These data indicate that TBEV is also endemic in Kaminokuni and Setana and that the endemicity of TBEV in Hokuto has been maintained for more than 10 years. This is the first study to show that TBEV-infected rodents were distributed in Honshu and several regions in Hokkaido. It has previously been shown that various Apodemus, Myodes and Microtus species are important as maintenance hosts for TBEV [9] . The present surveys suggest that rodents such as A. speciosus, A. argenteus and M. rufocanus act as vertebrate hosts of TBEV in the endemic areas in Japan. Closed circles represent the points at which seropositive rodents for TBEV were detected. The principal tick vector of the Far-Eastern subtype of TBEV is Ixodes persulcatus [3, 5, 11] , but in our previous study, Ixodes ovatus was shown to be the most probable vector species of TBEV in Hokuto City, Hokkaido [15] . I. ovatus is distributed extensively in Japan, including Shimane Prefecture, Honshu [12] , and so it is possible that I. ovatus serves as the vector tick in Shimane and other regions of Hokkaido. Because I. ovatus has been reported to infest humans [17] , it is important to know the significance of I. ovatus in the transmission of TBEV in these regions.
Japan is surrounded by countries endemic for TBE, and the results of this study, combined with previous findings, indicate the presence of several endemic foci of TBEV. However, only one confirmed case of TBE has been reported for more than 50 years. This low occurrence of TBE in Japan might be attributed to the following three factors. (1) The chance of being bitten by a tick is reduced by the progress of urbanization. (2) Japanese TBEV may be of low pathogenicity against humans. In our previous report, the TBEV isolate from sentinel dogs in Hokuto showed lower virulence in mice than other Far-Eastern subtypes of TBEV [2] . (3) TBE patients may be misdiagnosed as suffering from Japanese encephalitis. In Japan, Japanese encephalitis virus is widely endemic, and diagnosis of TBE can be carried out in a limited number of facilities.
In summary, we demonstrated for the first time that TBEV-infected rodents are distributed in several regions in Hokkaido and in Shimane Prefecture, Honshu. These results emphasize the need for further epizootiological and epidemiological research of TBEV and preventive measures for emerging TBE in Japan.
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